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FOREWORD 
Thi s  r e p o r t  i s  t h e  second q u a r t e r l y  engineer ing  r e p o r t  summarizing t h e  
work performed under NASA Cont rac t  NAS5-10309 e n t i t l e d  " S t a b i l i z e d  C 0 2  Gas 
Laser," cover ing  t h e  pe r iod  1 March 1967 t o  1 June 1967. 
prepared by t h e  Advanced Technology Laboratory of Sylvania  E l e c t r o n i c  
Systems - Western Operat ion,  Mountain V i e w ,  C a l i f o r n i a .  It desc r ibes  work 
performed i n  t h e  Quantum E l e c t r o n i c  Devices Department, headed by M r .  Mahlon 
B. F i she r .  
program, Other c o n t r i b u t o r s  t o  t h i s  r e p o r t  are D r .  Y. D. Fos te r  and M r .  D. 
This  r e p o r t  w a s  
M r .  Richard S. Reynolds is t h e  p r i n c i p a l  i n v e s t i g a t o r  on t h e  
Reval l .  
A l l  t h e  work performed under t h i s  c o n t r a c t  w a s  adminis tered by t h e  
O p t i c s  Branch, NASA-Goddard Space F l i g h t  Center ,  Greenbel t ,  Maryland. 
M r .  N .  McAvoy i s  t h e  p r i n c i p a l  t e c h n i c a l  r e p r e s e n t a t i v e  f o r  t h e  Opt ics  
Branch. 
4 4  
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ABSTRACT 
Design, f a b r i c a t i o n  and t e s t i n g  were cont inued dur ing  t h i s  q u a r t e r  
toward t h e  development of a sea led-of f ,  20-watt, s t a b i l i z e d  s ingle-frequency 
C02 laser.  Th i s  r e p o r t  d e s c r i b e s  (1) t h e  e f f o r t s  toward obtainment of 
single-mode ope ra t ion  i n  t h e  laser w i t h  maximum output  power, (2) t h e  
a m p l i f i e r  ga in  s t u d i e s ,  (3) t h e  thermal  s t a b i l i t y  measurements of t h e  laser 
c a v i t y ,  ( 4 )  t h e  mechanical des ign  of t h e  o s c i l l a t o r - a m p l i f i e r  package and 
(5) the  thermal  c o n t r o l  and AFC e l e c t r o n i c s  completed t h i s  q u a r t e r .  
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)DUCTION 
The o b j e c t i v e  of t h i s  program is t o  develop a f requency-s tab i l ized ,  
high-power, sealed-off  C 0 2  laser s u i t a b l e  f o r  u s e  i n  a coherent  o p t i c a l  
communications system ope ra t ing  a t  10.6 microns.  
program o b j e c t i v e  and t h e  techniques t o  b e  used were giverr i n  t h e  F i r s t  
Quar te r ly  Report covering t h e  pe r iod  1 December 1966 t o  1 M a r c h  1967. 
During t h a t  pe r iod ,  t h e  o s c i l l a t o r  p o r t i o n  of t h e  o s c i l l a t o r - a m p l i f i e r  
chain was designed and cons t ruc ted .  
s t a r t e d  dur ing  t h e  f i r s t  q u a r t e r  and have cont inued t h i s  q u a r t e r .  
l iminary shor t - te rm s t a b i l i t y  and resonant  frequency tests were performed 
during t h e  l a s t  q u a r t e r  and i t  appeared t h e  c a v i t y  des ign  would be  adequate  
f o r  ob ta in ing  a short- term frequency s t a b i l i t y  of 1 p a r t  i n  LO 
The d e t a i l s  of t h e  
Tes t ing  of va r ious  l a s e r  tubes  
Pre- 
10 . 
The e a r l y  s t a b i l i t y  measurements were made a t  a wavelength of 0.6328 
microns. 
case  and have revea led  informat ion  on t h e  long-term s t a b i l i t y  of 
t h e  laser cav i ty .  
During t h i s  q u a r t e r  they have been extended t o  t h e  10.6 micron 
The thermal  c o n t r o l  system and t h e  AFC e l e c t r o n i c s  designed dur ing  
t h e  last q u a r t e r  were f a b r i c a t e d  dur ing  t h i s  q u a r t e r .  Descr ip t ion  of 
t hese  components i s  given i n  t h e  fol lowing s e c t i o n s  along wi th  a d i s -  
cussion of t h e  v a r i o u s  s t u d i e s  made t h i s  q u a r t e r ,  which inc lude  paramet r ic  
measurements on R.F. e x c i t e d  o s c i l l a t o r s  and a m p l i f i e r s ,  co lo r  c e n t e r  formation 
i n  sa l t  B r e w s t e r  windows and l i f e t i m e  tests on both  d.c .  and R.F. tubes .  
l 
Y 
* 2.0 TECHNICAL DISCUSSION 
I_ 2 . 1  20-Watt Laser Design 
A s  d i scussed  i n  t h e  F i r s t  Quar te r ly  Report ,  w e  have chosen an  o s c i l l a t o r -  
10 
ampl i f i e r  approach i n  o rde r  t o  o b t a i n  a 20-watt laser output  s imultaneously 
wi th  very  good frequency s t a b i l i t y  (1:lO ). Both t h e  o s c i l l a t o r  and ampli- 
f i e r  w i l l  b e  mounted on a t r ack ing  t e l e scope  which u l t i m a t e l y  w i l l  be  used 
t o  t r a c k  a sa te l l i t e .  
ampl i f i e r ,  and between t h e  e n t i r e  u n i t  and t h e  rest  of t h e  o p t i c a l  system 
must b e  maintained f o r  o r i e n t a t i o n s  ranging  from v e r t i c a l  t o  h o r i z o n t a l .  
Precise o p t i c a l  alignment between the  o s c i l l a t o r  and 
Extremely r i g i d  mounting techniques ,  however, are n o t  d e s i r a b l e  be- 
cause of t h e  induced e x c e l l e n t  coupl ing of t h e  t e l e scope  mechanical v ibra-  
t i o n s  t o  t h e  laser o s c i l l a t o r  c r e a t i n g  unwanted l a s e r  frequency i n s t a b i l i t i e s .  
The a m p l i f i e r ,  n o t  c o n t r i b u t i n g  s i g n i f i c a n t  frequency i n s t a b i l i t i e s  t o  t h e  
laser beam through v i b r a t i o n s ,  can be r i g i d l y  mounted t o  t h e  t e l e scope .  
Fo r tuna te ly ,  f o r  t h e  case of 10 micron r a d i a t i o n ,  some r e l a x a t i o n  of 
t h e  angular  mounting t o l e r a n c e  can be r e a l i z e d  over systems which ope ra t e  i n  
tk;e v i s i b l e  p o r t i o n  of t h e  spectrum. 
wavelength r e s u l t s  i n  a s u b s t a n t i a l  i n c r e a s e  i n  the  angular  d i f f r a c t i o n  
l i m i t  f o r  t h e  small  diameter  o p t i c s  used i n  t h e  t r a n s m i t t e r  system, and, f o r  
t he  o p t i c s  which are used, an  o v e r a l l  mechanical s t a b i l i t y  of 2 1.5 arc  
The approximately 20 f o l d  i n c r e a s e  i n  
minutes at t h e  laser w i l l  be  s u f f i c i e n t  t o  main ta in  d i f f r a c t i o n  l i m i t e d  oper- 
a t i o n  f o r  t h e  e n t i r e  system. 
Therefore ,  as a compromise between abso lu te  mechanical r i g i d i t y  and free- 
dom of v i b r a t i o n a l  i n f luences  a des ign  has  been developed which al lows a 
con t ro l l ed ,  semi-r igid mounting s t r u c t u r e  f o r  t h e  laser o s c i l l a t o r  only,  
while  t h e  rest of t h e  laser  system maintains  a r i g i d  mounting. 
2 
A s  desc r ibed  i n  t h e  f i r s t  q u a r t e r l y ,  t h e  laser o s c i l l a t o r  i n  i t s e l f  
is mechanical ly  very  r i g i d ,  The mi r ro r  and laser tube mounting s t r u c t u r e s  
are all. designed t o  t i g h t l y  clamp t h e i r  r e s p e c t i v e  components a f t e r  a l ign -  
ment s o  t h a t  no degrada t ion  i n  ope ra t ing  c h a r a c t e r i s t i c s  can occur  f o r  any 
o r i e n t a t i o n .  The purpose of t h i s  des ign  is n o t  only t o  i n s u r e  ope ra t ion  
i n  all o r i e n t a t i o n s  b u t  a l so  t o  main ta in  as h igh  a mechanical resonant  
frequency as p o s s i b l e  i n  t h e  laser s t r u c t u r e .  
t o  reduce t h e  p o s s i b l e  e f f e c t s  of t h e  low frequency, l a r g e  ampli tude a c o u s t i c  
v i b r a t i o n s  which are p r e s e n t  i n  a normal environment. 
This  i s  necessary  i n  o r d e r  
F igu re  1 i s  a n  assembly drawing of t h e  laser o s c i l l a t o r - a m p l i f i e r  
combination. A 1 2  inch  wide by 48 inch  long channel i s  used t o  provide  a 
mounting p l a t fo rm f o r  t h e  o s c i l l a t o r ,  a m p l i f i e r  and a u x i l i a r y  o p t i c s .  I n  
t h i s  f i g u r e  only one ampl i f i e r  tube  is shown, 
mounted d i r e c t l y  above t h e  f i r s t ,  
l i gh twe igh t  channel  which extends approximately 43 inches  beyond the main 
enclosure.  
9 1  inches .  
e l e c t r o n i c s ,  b a l l a s t  r e s i s t o r s ,  e t c .  
A second a m p l i f i e r  can be  
Each a m p l i f i e r  i s  mounted i n  i t s  own 
The o v e r a l l  l eng th  of t h e  e n t i r e  u n i t  w i l l .  be  approximately 
The r eg ion  above t h e  o s c i l l a t o r  is  reserved  f o r  a d d i t i o n a l  
A s  i n d i c a t e d  i n  F igure  1, t h e  suppor t  mechanism f o r  t h e  o s c i l l a t o r  
c o n s i s t s  of a series of taught  w i r e s  s o  arranged s o  as t o  clamp t h e  laser 
wi th  any d e s i r e d  f o r c e  t o  a set of laminated pads a t t ached  t o  t h e  bottom of 
the  1 2  i n c h  channel.  
cons t ruc t ed  w i t h  l a y e r s  ofmetal  and semi- f lex ib le  a c o u s t i c  dampening material  
which can b e  compressed t o  t h e  d e s i r e d  r i g i d i t y .  This  technique al lows the  
o s c i l l a t o r  t o  be  mounted only as r i g i d l y  as necessary  t o  o b t a i n  t h e  requi red  
- C 1.5 minutes  of arc s t a b i l i t y  f o r  any o r i e n t a t i o n .  
These pads designed f o r  a c o u s t i c  i s o l a t i o n  w i l l  b e  
, 
I n  o r d e r  t o  reduce t h e  i n t e n s i t y  of a i r  born a c o u s t i c  waves reaching 
the  l a s e r  o s c i l l a t o r ,  t h e  e n t i r e  i n s i d e  covers  aild base  of t h e  laser enclo- 
s u r e  w i l l  b e  covered wi th  s e v e r a l  l a y e r s  of type  Y-9052 i n d u s t r i a l  v i b r a t i o n  
damping macerial made by 3 M Company. Th i s  material  is  a p res su re - sens i t i ve ,  
3 
I I 1 
i 1 i/' rri 
s p e c i a l i y  compounded polyurethane a c o u s t i c  damping foam wi th  an  aluminum f o i l  
paper laminant cons t r a in ing  l a y e r  backing. 
p e c i a l l y  e f f e c t i v e  f o r  v i b r a t i o n  i s o l a t i o n  and i t  a l s o  s e r v e s  as an e f f e c t i v e  
thermal s h i e l d  t o  h e l p  maintain a uniform and c o n t r o l l a b l e  temperature  w i t h i n  
t h e  laser enc losure .  
The laminant s t r u c t u r e  is  es- 
Liquid cool ing  and e lec t r ica l  s e r v i c e  connect ions w i l l  be  made a t  t h e  
back of t h e  u n i t .  
t h e  h e a t e r  and temperature  c o n t r o l l e r  used w i t h  t h e  laser cav i ty .  
The e n t i r e  enc losure  w i l l  be temperature  s t a b i l i z e d  by 
The laser  o s c i l l a t o r  ou tput  beam is  fo lded  and in t roduced  through a 
Brewster window i n t o  t h e  f i r s t  a m p l i f i e r  tube s l i g h t l y  off  axis. The laser 
beam is  double  passed through t h e  a m p l i f i e r  tube ,  by a f o l d i n g  mi r ro r  a t  
t h e  end of t h e  ampl i f i e r .  This f o l d i n g  mi r ro r  focuses  the  beam near  t h e  
inpu t  end of t h e  a m p l i f i e r  s o  t h a t  t h e  beam can be ad jus t ed  t o  m i s s  t h e  45  0 
mirror .  
c losure .  
a m p l i f i e r  by a similar technique. 
For a one a m p l i f i e r  system t h e  beam can be passed ou t  of t h e  en- 
For a two a m p l i f i e r  system, t h e  beam is  in t roduced  i n t o  t h e  second 
Two laser enc losures  inc luding  t h e  1 2  inch  channel,  end p l a t e s ,  w i r e  
support  b r a c k e t s ,  and o u t s i d e  enc losure  were f a b r i c a t e d  t h i s  qua r t e r .  Exper- 
iments w i l l  be  performed us ing  the  two laser  o s c i l l a t o r s  mounted i n s i d e  
the  enc losu re  t o  determine t h e  o v e r a l l  short-and long-term s t a b i l i t i e s  t o  be 
expected. These experiments have r e c e n t l y  s t a r t e d  and w i l l  cont inue through 
t h e  next  q u a r t e r .  
2.2 R.F. Exci ted Laser Tubes 
Ear ly  i n  t h i s  q u a r t e r  s e v e r a l  s t u d i e s  were made on R.F. d r iven  tubes t o  
determine t h e  optimum ope ra t ing  condi t ions  f o r  t he  lasers. A s  descr ibed  i n  
an ear l ie r  r e p o r t ,  R.F. e x c i t a t i o n  w a s  chosen f o r  t he  p o s s i b i l i t y  of in -  
c r eas ing  t h e  ope ra t ing  l i f e t i m e  of t h e  laser. 
da ta  taken t h i s  per iod is  repor t ed  and s t u d i e s  made on t h e  phenomenum of 
"coloring" of s a l t  Brewster windows are d iscussed . ,  Some paramet r ic  d a t a  on 
I n  t h i s  s e c t i o n ,  some l i f e t i m e  
5 
t he  power ou tpu t  as a func t ion  of gas  composition f o r  a p a r t i c u l a r  C 0 2  laser 
geometry i s  a l s o  presented .  
2.2.1 Paramet r ic  S tud ie s  
2 A brews te r  ang le  CO laser  wi th  a bore  diameter  of 19 mm and a n  a c t i v e  
length  of 65 c m  w a s  operated wi th  R.F. e x c i t a t i o n .  S t r i p  e l e c t r o d e s  were 
l a i d  lengthwise  along bo th  s i d e s  of t h e  cool ing  j a c k e t .  The e l e c t r o d e  sep- 
a r a t i o n  was approximately 32 mm. Several ,  e l e c t r o d e  widths  from 1/8 inch  t o  
1 / 2  i nch  were t r i e d  wi th  very  similar r e s u l t s  i n  a l l  cases. The laser w a s  
cooled by a low v i s c o s i t y  (1.5 c e n t i s t o k e s )  s i l i c o n e  f l u i d  a v a i l a b l e  from 
Dow Corning (DC 200). The w a l l  temperature  was maintained a t  about  20 C .  
A balanced l i n e  matching network w a s  used t o  match t h e  50 ohm output  of t h e  
27 MKz o s c i l l a t o r  t o  t h e  tube impedance, 
low power extremes of t h e  t r a n s m i t t e r ,  a VSWR of b e t t e r  than  1.2 w a s  ob ta ined ,  
0 
Except when ope ra t ing  a t  t h e  
The laser  u t i l i z e d  K C l  B r e w s t e r  windows pol i shed  f l a t  t o  b e t t e r  t h e  1/10 X 
a t  10 microns.  
mirror  and a n  I r t r a n  2 m u l t i l a y e r  d i e l e c t r i c  mir ror  wi th  a 15% t ransmiss ion  
The opt ica l .  c a v i t y  was formed by a 3 meter r a d i u s  gold-coated 
f igu re .  The output  mi r ro r  w a s  an t i - re f lec t ion-coa ted .  The mi r ro r s  were 
mounted on a n  o p t i c a l  bench r a t h e r  than i n  a s t a b l e  c a v i t y  f o r  convenience, 
and t h e  tube  w a s  allowed t o  run multimode. 
F igu re  2 i s  a graph of t h e  output  power from t h e  laser as a func t ion  of 
gas p r e s s u r e  and composition. Only CO and H e  mixtures  were used, however, 2 
t he  a d d i t i o n  of about  1 t o r r  of N increased  t h e  output  by about 30% i n  most 
cases.  
systems where 100% i n c r e a s e  i s  n o t  unusual.  
2 
This  va lue  i s  a much lower f i g u r e  than w e  have observed i n  f lowing 
For t h e  case of t h e  1 / 2  t o r r  C 0 2  p r e s s u r e ,  helium w a s  added beyond t h e  
poin t  i n d i c a t e d  on t h e  graph i n  o rde r  t o  f i n d  t h e  po in t  a t  which o s c i l l a t i o n  
would ceasea A t  a t o t a l  p re s su re  of 40 t o r r  o s c i l l a t i o n  could no longer  be 
de tec ted  and t h e  d i scha rge  i n  t h e  tube was b a r e l y  v i s i b l e .  
p re s su res ,  t h e  d ischarge  could not  be maintained. I t  i s  expected t h a t  h igher  
pressures  could  be u t i l i z e d  wi th  g r e a t e r  power supply c a p a b i l i t y .  
A t  s l i g h t l y  h ighe r  
In '  a l l  cases, t h e  ou tpu t  power w a s  peaked by a d j u s t i n g  t h e  i n p u t  power. 
General ly  a t  t h e  lower helium p res su res ,  t h e  i n p u t  power could be about  
60-100 watts and a s  more helium w a s  added the  r equ i r ed  i n p u t  power r o s e  u n t i l  
t h e  maximum of 200 watts a v a i l a b l e  was reached. I t  appears  t h a t  h ighe r  
powers could be  reached a t  h ighe r  p re s su res  w i t h  g r e a t e r  power supply capa- 
b i l i t y ,  a l though t h e  e f f i c i e n c y  may be degraded somewhat. 
The d a t a  i n  t h e  graph of F igure  2 was taken by adding t h e  helium t o  t h e  
A t  t h e  ope ra t ing  laser through a h igh  vacuum v a l v e  from a helium r e s e r v o i r .  
lower p r e s s u r e  va lues ,  t h e  power output  from t h e  laser would immediately r ise  
when more helium w a s  added and then  s e t t l e  back t o  i t s  equi l ibr ium va lue  a f t e r  
a few minutes of opera t ion .  However, a t  t h e  h ighe r  p re s su re  v a l u e s ,  above about  
6 t o r r  of helium, t h e  output  of t h e  laser would decrease  by about 50% and then  
slowly come t o  i t s  equ i l ib r ium value.  A t  t h e  h ighes t  p re s su res ,  t h e  t i m e  con- 
s t a n t  f o r  t h e  process  w a s  about  1 / 2  hour. 
apparent ly  due t o  t h e  slow d i f f u s i o n  rate of t h e  pure  helium through t h e  C 0 2 : H e  
mixture  e 
This  very  long t i m e  cons tan t  is 
2.2.2 Window Coloring E f f e c t s  
The Brewster window material w e  have been us ing  i n  the  p re sen t  lasers 
has  been s i n g l e  c r y s t a l  potassium c h l o r i d e  a v a i l a b l e  from Harshaw Chemical. 
Normally t h e s e  windows are q u i t e  t r anspa ren t  i n  t h e  v i s i b l e  as w e l l  as t h e  
10 micron reg ion  and appear clear t o  the  eye. However, a f t e r  ope ra t ing  on 
a laser tube  a f t e r  a per iod  of t i m e ,  t h e  i n s i d e  s u r f a c e  of t h e  windows t ake  
on a b l u i s h  t i n t  and when t h e  i n p u t  power t o  t h e  laser is h igh ,  t h e  windows 
can become very dark.  A n o t i c e a b l e  e f f e c t  on t h e  power output  of t h e  laser 
i s  a l s o  observed when t h e  windows become dark  blue.  
The co lo r ing  e f f e c t  is much more pronounced i n  t h e  R.F. exc i t ed  tubes 
than i n  the  d.c. e x c i t e d  tubes.  I n  a matter of only a few minutes a f t e r  turn- 
on, t he  windows become no t i ceab ly  co lored  when the  R.F. l a s e r s  are operated a t  
an R.F. power l e v e l  of about 200 w a t t s .  Within an hour a f t e r  turn-on, t h e  laser  
windows are very dark  and t h e  output  power begins  t o  decrease.  Maximum power 
* reduct ions  of about  25% have been observed. 
4 
7 
0 \D vr 4- c-7 
. Clea r ing  of t h e  windows a f t e r  t h e  tube  i s  turned o f f  has  been n o t i c e d ,  
b u t  t h e  c l e a r i n g  i s  n o t  complete, a t  least  a f t e r  a pe r iod  of a few days.  
appears t h a t  evacuat ing  t h e  tube a l lows  some enhancement of t h e  n a t u r a l  c l e a r i n g  
rate. 
I t  
W e  a l s o  no t i ced  t h a t  t h e  rate of b lu ing  was a func t ion  of t h e  gas  compo- 
s i t i o n  w i t h i n  t h e  laser tube and wi thout  t he  ex f s t ence  of CO t h e  b lu ing  rate 
was very  slow. 
2 
Although chemical e f f e c t s  on t h e  i n s i d e  s u r f a c e  of t h e  K C 1  could no t  be 
ru led  o u t ,  i t  appeared more l i k e l y  t h a t  co lo r  c e n t e r s  (F c e n t e r s )  were being 
formed i n  t h e  K C 1  due t o  some e l ec t r i ca l  o r  o p t i c a l  phenomena, The gene ra t ion  
of co lo r  c e n t e r s  i n  t h e  a l k a l i  h a l i d e  c r y s t a l s  is  w e l l  documented i n  t h e  l i t e r -  
a t u r e  and can be caused i n  a v a r i e t y  of ways, 
t he  i n t r o d u c t i o n  of s u i t a b l e  chemical i m p u r i t i e s  which themselves e x h i b i t  co lo r .  
Also, i n t roduc ing  an  excess  of t h e  c a t i o n ,  as by hea t ing  i n  t h e  vapor of t h e  
a l k a l i  metal can r e s u l t  i n  t h e  gene ra t ion  of c o l o r  c e n t e r s .  
i s  processed i n  t h i s  f a sh ion  
e x h i b i t s  a magenta co lo r .  J t  is  a l s o  p o s s i b l e  t o  c o l o r  t h e  c r y s t a l s  by x-ray 
and p r a y  r a d i a t i o n ,  neutron and e l e c t r o n  bombardment and e l e c t r o l y s i s .  
The c r y s t a l s  may be  co lored  by 
When sodium c h l o r i d e  * 
i t  e x h i b i t s  a yel low co lo r  and potassiu.m c h l o r i d e  
F igu re  3 shows t h e  F band abso rp t ion  f o r  s e v e r a l  a l k a l i  h a l i d e s  s u i t a b l e  
f o r  u se  as Brewster windows f o r  10.6 micron lasers. F bands in t roduced  i n  
K B r  c r y s t a l s  should make t h e  c r y s t a l  appear l i g h t  b l u e ,  due t o  i t s  absorp t ion  i n  
the  r e d ,  N a C l  should appear yel low,  due t o  i t s  abso rp t ion  i n  t h e  deep b l u e ,  
and K C 1  should appear deep b lue  o r  magenta due t o  i t s  absorp t ion  i n  t h e  green 
and orange. 
To v e r i f y  t h a t  t h e  co lo r ing  i s  t h e  r e s u l t  of t h e  formation of F c e n t e r s ,  
a d ischarge  tube  w a s  f a b r i c a t e d  wi th  a K C l  window on one end and a N a C l  window 
on the  o the r .  
on t o  a pyrex tube 3 / 4  inch  i n  diameter  and 30 inches  long. 
was used. 
a s h o r t  pe r iod  of t l m e .  The tube w a s  then f i l l e d  wi th  a t y p i c a l  l a s i n g  mixture  
* 
The tube  geometry is  shown i n  F igure  4 .  Both windows were epoxied 
No cool ing  j a c k e t  
The tube  w a s  cleaned i n t e r n a l l y  by running a d ischarge  i n  H e  only f o r  
See C. R i t t e l ,  I n t roduc t ion  t o  So l id  S t a t e  Physics  -) 2nd Ed i t ion ,  pp. 492, 
(John Wiley & Sons, I n c . ,  New York, 1956) 
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b lue  and t h e  NaClwindow turned  a l i g h t  yel low co lo r .  
and H e  and opera ted  f o r  s e v e r a l  hours.  The K C 1  window turned  a deep 2 
Afte r  4 hours  of ope ra t ion ,  
t h e  K C 1  window exh ib i t ed  deep co lo r ing  throughout i t s  volume w i t h  t h e  i n t e n s i t y  
fading from t h e  i n s i d e  toward t h e  o u t s i d e  face .  
bore d iameter  of t h e  d ischarge  tube  remained clear. 
t ransmiss ion  curve w a s  run  on t h e  K C l  window. The abso rp t ion  matched w e l l  t he  
expected abso rp t ion  curve due t o  c o l o r  c e n t e r s .  
i n  co lo r  too r a p i d l y  t o  o b t a i n  an abso rp t ion  curve wi th  enough d e f i n i t i o n  t o  
c o r r e l a t e  it wi th  t h e  expected curve.  Also,  t h e  c o l o r  i n t e n s i t y  i n  t h e  N a C l  
never d i d  reach  t h e  i n t e n s i t y  of t h e  K C 1  c r y s t a l  and t h e  co lo r ing  e f f e c t  disap-  
peared r a t h e r  r a p i d l y  ( s e v e r a l  hours) compared t o  t h e  K C 1  c r y s t a l .  
The r eg ion  o u t s i d e  t h e  extended 
The tube  w a s  dismantled and a 
However, t h e  N a C l  c r y s t a l  faded 
It is  f e l t  t h a t  t h e  gene ra t ion  of c o l o r  c e n t e r s  i s  caused by t h e  absorp t ion  
of u l t r a v i o l e t  r a d i a t i o n  be ing  emi t ted  by t h e  d ischarge .  The transmissLon 
c h a r a c t e r i s t i c s  of N a C l  t o  u l t r a v i o l e t  r a d i a t i o n  i s  much b e t t e r  than  f a r  K C 1 ,  
which may e x p l a i n  t h e  co lo r  i n t e n s i t y  d i f f e r e n c e  between t h e  two. 
have n o t  y e t  t e s t e d  K B r ,  w e  expect  t h a t  t h e  co lo r  i n t e n s i t y  i n  t h i s  c r y s t a l  
Although w e  
w i l l  a l s o  b e  less than  i n  K C 1  due t o  i t s  b e t t e r  u l t r a v i o l e t  t ransmiss ion  
c h a r a c t e r i s t i c s .  We expect  t o  compare t h e  c o l o r  c e n t e r  formation c h a r a c t e r i s t i c s  
and the  hygroscopic  c h a r a c t e r i s t i c s  of K B r  w i th  N a C l  and K C 1  dur ing  t h e  next  
quar te r .  Our exper ience  has  ind ica t ed  t h a t  K C 1  has  s u p e r i o r  hygroscopic  p r o p e r t i e s  
over NaC1.  
To e l i m i n a t e  t h e  p o s s i b i l i t y  of e lectr ical  formation of the  color c e n t e r s ,  
w e  f a b r i c a t e d  a tube  w i t h  long metal ends onto  which t h e  windows were a t tached .  
The tube w a s  opera ted  normally and wi th  t h e  ends grounded. 
ra te  of c a l o r  formation w a s  observed. 
magnetic f i e l d s  (approximately 400 gauss)  were app l i ed  around t h e  Brewster pipe.  
Apparently no e l ec t r i ca l  p a r t i c l e s  are bombarding t h e  Brewster window, a t  least  
'at h9gh ene rg ie s .  
No change i n  t h e  
Also,  no e f f e c t  w a s  observed when high 
A s  expec ted ,  w i th  t h e  formation of co lo r  c e n t e r s ,  t h e  co lo r ing  could be 
prevented o r  removed by t h e  a p p l i c a t i o n  of h e a t  from i n f r a r e d  h e a t  lamps  t o  t h e  
' .  
windows. 
band of the c r y s t a l  can r e t u r n  the c r y s t a l  t o  i t s  normal s ta te ,  
t h a t  t empera tures  i n  t h e  range of 65 C were r equ i r ed  b e f o r e  the b l u i n g  e f f e c t  
ir: KC1 could b e  completely e l imina ted ,  
thr: o s c i l l a t o r  cavit ies i n t o  which t h e  lasers w i l l  b e  i n s t a l l e d  may impede 
t h ,  formation of c o l o r  c e n t e r s  t o  t h e  p o i n t  t h a t  e f f e c t  w i l l  n o t  cause  a 
s u b s t a n t i a l  dec rease  i n  laser output  power. 
dur ing  t h e  next q u a r t e r .  
Thermal d e e x c i t a t i o n  and/or b l each ing  'with l i g h t  i n  t h e  F a b s o r p t i o n  
It w a s  observed 
0 
It may b e  p o s s i b l e  t h a t  t h e  h e a t i n g  of 
Tests i n  t h i s  area w i l l  b e  made 
2,2.3 L i f e t ime  Tests 
During th i s  pe r iod  l i f e t i m e  tests were made w i t h  two R.F. tubes  and one 
d.c, opera ted  tube .  Neither of t h e  R.F. tubes  had any r e s e r v o i r  volume; t h e  
d.c. tube  had a r e s e r v o i r  volume of approximately 1 / 2  l i t e r  which w a s  about 
5 t i m e s  t h e  a c t i v e  volume of t h e  laser. 
A f t e r  p rocess ing  and ope ra t ing  on the  punips f o r  about two weeks, two 
R.F. e x c i t e d  C02 lasers were t ipped  o f f  and i n s t a l l e d  i n  t h e  c a v i t i e s  which 
w e r e  c o n s t r u c t e d  dur ing  t h e  prev ious  q u a r t e r .  One tube  w a s  opera ted  almost 
immediately w h i l e  t h e  second tube  was set a s i d e  f o r  about t e n  days. 
tube w a s  ope ra t ed  n e a r l y  cont inuous ly  f o r  a pe r iod  of about 100 hours wi th  
l i t t l e  change i n  output  power. 
per iod  and reached t h e  p o i n t  of no t  l a s i n g  a t  about 135 hours.  
The f i r s t  
The tube  output  r a p i d l y  dropped a f t e r  t h e  100-hour 
Normally t h e  C02 lasers w e  have processed have a whi t i sh-b lue  d ischarge  
when they are ope ra t ing  w e l l .  
was p u r p l e  i n d i c a t i n g  an excess of n i t r o g e n  o r  a l a c k  of COz. 
When t h e  tube  f a i l e d ,  t h e  c o l o r  of t h e  d i scha rge  
The second tube  w a s  then  opera ted ;  however, i t  only provided u s e f u l  
ou tput  f o r  20 hours .  
sea l -of f  which c r e a t e d  an unfavorable  gas mixture  w i t h i n  t h e  tube ,  
t h e  above tubes  used a gas mixture  of 2 t o r r  CO 
We b e l i e v e  t h a t  t h i s  tube  s u f f e r e d  d l f f i c u l t y  a t  t he  
Both of 
1 t o r r . ? ?  and 9 t o r r  H e .  2 %  2 
11 
The d.c. opera ted  tube  was n o t  removed from t h e  vacuum system, b u t  was 
The b a l l a s t  valved o f f  from the f i l l i n g  s t a t i o n  by an u l t r a -h igh  vacuum valve. 
volume f o r  t h e  tube  w a s  e s s e n t i a l l y  t h e  gas  pumping l i n e .  
f i l l e d  w i t t i  a mixture of 2 t o r r  CO and 8 t o r r  He (no n i t rogen)  and was 
allowed t o  o p e r a t e  continuously.  
over 200 hours.  A t  about 250 hours ,  one of t h e  tube  windows (KC1)  cracked 
and t h e  tube  went up t o  atmospheric p re s su re .  I n  t h e  s e v e r a l  hours be fo re  
t h e  tube  f a i l e d ,  a s l i g h t  dec rease  (25%) i n  ou tpu t  power was observed. The 
des ign  of l a te r  d.c. tubes  has been changed t o  e l i m i n a t e  t h e  cause ( thermal  
s t r a i n )  of t h e  c l eav ing  windows,, It i s  f e l t  t h a t  w i t h  a r easonab le  s i z e  
r e s e r v o i r  of about 1 l i t e r ,  l i f e t i m e s  nea r  500 hours should b e  expected. 
Th i s  tube  w a s  
2 
The power ou tpu t  remained cons t an t  f o r  
* 
During t h i s  next  q u a r t e r ,  va r ious  cathode materials w i l l  be  t e s t e d  and 
d i f f e r e n t  window s e a l i n g  m a t e r i a l s  w i l l  b e  t r i e d .  
s u p p l i e s  w i l l  b e  used i n  o rde r  t o  o p e r a t e  a t  h ighe r  p r e s s u r e  gas f i l l s .  h 
l a r g e r  supply  of CO 
as wi tnessed  dur ing  t h e  paramet r ic  s t u d i e s  mentioned earlier. 
Also  h ighe r  v o l t a g e  power 
may extend t h e  l i f e t i m e  wi thout  degrading power output  2 
2.3 Laser Bore S i z e  E f f e c t s  
Seve ra l  laser tubes  were cons t ruc t ed  dur ing  t h i s  q u a r t e r  t o  determine if 
t h e r e  e x i s t e d  an optimum s i z e  tube  f o r  t h e  case when R.F. e x c i t a t i o n  i s  used. 
A l l  of t h e  tubes  had i d e n t i c a l  l eng ths  of 75 c m  wi th  an  a c t i v e  plasma l eng th  
of about 60 cm.  S i m i l a r  t o  t h e  tubes  desc r ibed  i n  the previous  r e p o r t ,  t h e  
bo re  s i z e s  s t u d i e d  were 12, 19 and 27 mm i n  diameter i n  t h e  plasma reg ion .  
However, a l l  t h e  tubes  were r e s t r i c t e d  t o  a 1 2  mm diameter o p t i c a l  s i z e  by 
an a p e r t u r e ,  i n  o rde r  t o  compare t h e i r  power output  c a p a b i l i t i e s  when oper- 
a t i n g  n e a r  o r  i n  a s i n g l e  mode. The tubes  were a l s o  equipped wi th  i n t e r n a l  
co ld  cathode e l e c t r o d e s  s o  t h a t  they could a l s o  b e  opera ted  d .c .  
Various combinations of gas  p r e s s u r e s  and mixtures  were used i n  an 
The tests were a l s o  run  w i t h  va r ious  attempt t o  opt imize  t h e  power output .  
i npu t  powers up t o  200 watts. 
- 
* For a s imilar  s i z e  tube  as above, b u t  no t  designed f o r  h igh  output  power, 
W .  Whitney of NRL, Washington has  achieved over 1000 hours l i f e  w i th  a C02:He 
mixture e 
O .  
The r e s u l t s  of t h e s e  tests i n d i c a t e d  a ve ry  clear p re fe rence  i n  f a v o r  of 
t h e  smaller d iameter  laser tubes .  
producing g r e a t e r  t o t a l  ou tpu t  power were s e v e r e l y  l i m i t e d  when ape r tu red  down 
t o  where they would o p e r a t e  i n  a s i n g l e  mode. With a 1 2  mm a p e r t u r e  t h e  27 mm 
diameter tube,  f o r  example, opera ted  a t  a maximum power of about 112 w a t t .  The 
1 9  mm b o r e  tube  emi t ted  about 1 w a t t  and t h e  1 2  mm bo re  r a n  a t  about 2 watts. 
The l a r g e  bo re  tubes ,  a l though capable  of 
For t h e  tests conducted a 1 2  mm d iameter  a p e r t u r e  produced n e a r l y  a 
single-mode ou tpu t  as observed on a thermographic phosphor viewing sc reen  of 
t he  type  desc r ibed  by Bridges and Burkhardt. A s  shown i n  F igu re  5 t h e  27 mm 
diameter tube  ope ra t ed  a t  t h e  1 / 2  w a t t  l e v e l ,  t h e  19 mm tube  a t  1 w a t t  and t h e  
1 2  mm t ube  a t  2 watts. It is n o t  known whether t h e  8% t r ansmiss ion  m u l t i l a y e r  
d i e l e c t r i c  ou tpu t  m i r r o r  used i n  t h e s e  tests w a s  optimum f o r  t h e  tubes  t e s t e d .  
* 
For t h e  r e s u l t s  ob ta ined ,  a diameter dependent ou tput  f o r  s i n g l e  mode o r  
near s i n g l e  mode o p e r a t i o n  w a s  s een  t o  have a f u n c t i o n a l  r e l a t i o n s h i p  of 
5 d-1*5s where d i s  t h e  tube  bo re  diameter.  This f u n c t i o n a l  r e l a t i o n s h i p  
w i l l  of course ,  change when t h e  tube  s i z e  i s  reduced small enough that d i f -  
f r a c t i o n  l o s s e s  on t h e  lowest o rde r  mode become l a r g e  enough t o  s e v e r e l y  
l i m i t  t h e  laser ou tpu t  power. 
We were n o t  a b l e  t o  o b t a i n  s a t i s f a c t o r y  r e s u l t s  wi th  t h e  small bore  tube 
when ope ra t ed  w i t h  R.F. e x c i t a t i o n .  
i n  the  tube  u s i n g  p a r a l l e l  s t r i p  e l e c t r o d e s  a long  t h e  o u t s i d e  of t h e  tube.  
p a r t i c u l a r  type  of e l e c t r o d e  geometry has  proved most s a t i s f a c t o r y  f o r  
t h e  l a r g e r  b o r e  tubes ,  b u t  does n o t  appear t o  b e  s a t i s f a c t o r y  f o r  t h e  smaller 
bore  tubes .  
us ing  K.F. e x c i t a t i o n  wh i l e  t h e  same tube  would provide  over 2 w a t t s  w i t h  d .c .  
e x c i t a t i o n .  
A uniform discharge  could n o t  b e  obta ined  
This  
We were only a b l e  t o  o b t a i n  about 100 m i l l i w a t t s  from t h i s  tube  
i 
Also f o r  s m a l l  tube  geometries t h e  c h a r a c t e r i s t i c s  of t h e  R.F. d i scha rge  
For some p r e s s u r e  v a l u e s ,  f o r  example, vary as t h e  tube  p r e s s u r e  i s  changed. 
* T. J. Bridges  and E. G. Burkhardt, I E E E  J o u r n a l  of Quantum E l e c t r o n i c s ,  QE--3, 
pp. 168, ( A p r i l  1967). 
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* 
w e  were a b l e  t o  o b t a i n  a near  n u l l  i n  d ischarge  i n t e n s i t y  a t  t h e  c e n t e r  of 
* t h e  tube  wh i l e  a b r i g h t  d i scharge  occurred nea r  t he  walls,  making i t  very  d i f -  
f i c u l t  t o  f i n d  t h e  optimum ope ra t ing  condi t ions .  
The va r ious  tests made t h i s  q u a r t e r  have shown t h a t :  
(1) Small bore tubes  are capable  of providing g r e a t e r  s i n g l e  mode 
ou tpu t  power than  l a r g e  bo re  tubes ,  
(2) a degrada t ion  i n  laser output  power from wi thold ing  N 
t h e  tube may b e  less than  25% and 
from 2 
(3) l i f e t i m e s  of over  250 hours  appear  p o s s i b l e  i n  d ,c .  tubes 
when no N 2  i s  p resen t  i n  the  tube.  
Based on t h e  above r e s u l t s ,  w e  have made t h e  dec i s ion  t o  c o n s t r u c t  t h e  
o s c i l l a t o r s  u t i l i z i n g  d.c. e x c i t a t i o n  and have ordered t h e  appropr i a t e  d.c.  
power s u p p l i e s .  
t h e  a m p l i f i e r s  now appears  t o  have d e f i n i t e  advantages over R.F. opera t ion .  
Therefore ,  t h e  e n t i r e  laser system w i l l  be  d .c .  operated r a t h e r  than  R.F. 
and a change over  t o  t h i s  mode of ope ra t ion  w i l l  b e  made dur ing  t h e  next  
qua r t e r .  
Also,  as condluded i n  t h e  next  s e c t i o n ,  d.c. ope ra t ion  of 
2.4 Gain S tud ie s  f o r  R.F. Driven Amplif ier  Tubes 
Before t h e  d e c i s i o n  w a s  made t o  ope ra t e  t h e  a m p l i f i e r s  wi th  d.c .  ex- 
c i t a t i o n ,  s ing le-pass  ga in  measurements were made t h i s  q u a r t e r  u t i l i z i n g  
a 2-meter long  R,F.-excited a n p l i f i e r  tube.  
windows on bo th  ends. 
The tube u t i l i z e d  Brewster 
Because of t h e  2 meter l eng th  of t h e  tube  w e  had much d i f f i c u l t y  i n  
breaking down t h e  tube  a t  t h e  27  MHz frequency w e  had previous ly  used f o r  
t he  smaller o s c i l l a t o r  tubes.  Since t h e  e lec t r ica l  l eng th  of t h e  a m p l i f i e r  
* 
tube was a s u b s t a n t i a l  f r a c t i o n  of a h a l f  wave a t  27 MHz, w e  were no t  a b l e  
t o  main ta in  a uniformly h igh  v o l t a g e  a long  t h e  f u l l  l eng th  of t h e  s t r i p  e l e c t r o d e s  
used. 
matching networks we were a b l e  t o  d r i v e  t h e  tube  q u i t e  s a t i s f a c t o r i l y  a t  a power 
l e v e l  up t o  500 watts inpu t .  
However, by reducing  t h e  d r i v i n g  frequency t o  13 MKz and r e b u i l d i n g  t h e  
The bore diameter  of t h e  a m p l i f i e r  tube  wits 25 mm, however, only t h e  
c e n t r a l  10 mm diameter  was used i n  t h e  ga in  measurements. 
which emi t t ed  up t o  2.5 watts C.W. was used. 
through t h e  a m p l i f i e r  tube ,  through a chopping wheel, a l e n s ,  and on t o  a gold- 
doped germanium d e t e c t o r .  The ga in  w a s  measured by tu rn ing  t h e  a m p l i f i e r  tube  
on and o f f .  
An o s c i l l a t o r  
The o s c i l l a t o r  beam w a s  passed 
The g r e a t e s t  ga in  f i g u r e  observed f o r  t h e  tube  w a s  1.67 f o r  a 3 t o r r  
C02 and 8 t o r r  H e  mixture ,  
A t  h ighe r  p a r t i a l  p re s su res  of C 0 2  the ga in  w a s  reduced S d o w  this value.  
e s t a b l i s h  whether any s a t u r a t i o n  e f f e c t s  were t ak ing  pl.ace, t h e  o s c i l l a t o r  power 
was reduced by a f a c t o r  of two and t h e  above ga in  measurements repea ted ,  No 
s a t u r a t i o n  e f f e c t s  were observed, 
This corresponds t o  a ga in  f i g u r e  of 28% p e r  meter. 
To 
* ** 
Recent ly ,  g a i n  measurements f o r  bo th  f lowing and non-flowing CO laser 2 
syseems have been publ i shed  i n  which d,c.  opera ted  tubes of vary ing  bore  d ia -  
meters have been s t u d i e d .  
from t h e  o s c i l l a t o r  w e r e  used t o  observe ga in  s a t u r a t i o n  e f f e c t s .  
of f lowing C02:He:N2, a s a t u r a t i o n  parameter of about  100 w a t t s l c m  
For the  f lowing systems, high enough power d e n s i t i e s  
For t h e  case 
2 w a s  observed. 
* pf. Kogelnik znd T. J,  Bridges,  "A Wonresonant Mult ipass  CO Laser Amplif ier ,"  2 
IEEE J o u r n a l  of Quantum E l e c t r o n i c s ,  QE-3, pp. 95, (February 19671, and 
T. F. Deutch, "Gain and Fluorescence C h a r a c t e r i s t i c s  of Flowing CO Laser 
Sys terns IEEE J o u r n a l  of Quantum E l e c t r o n i c s  QE-3 pp e 151, ( A p r f l  1967) .  
** 8 .  K, Cheo and H. G, Cooper, "Gain C h a r a c t e r i s t i c s  of CO, Laser Amplif iers  
a t  10.6 Microns," LEEE J o u r n a l  of Quantum E l e c t r o n i c s ,  QB-3, pp. 79, (February 
1967). 
This  parameter  has  n o t  y e t  been measured f o r  . the non-flowing case, however, 
i t  may be of t h e  same o rde r  of magnitude. 
i n  t h e  des ign  of t h e  o p t i c s  s o  t h a t  near  t h e  f i n a l  s t a g e s  of a m p l i f i c a t i o n  
t h e  beam diameter  does n o t  become too  small. Fu r the r  r e sea rch  i n  t h i s  area 
w i l l  b e  necessa iy  be fo re  t h e  s a t u r a t i o n  l i m i t a t i o n  can b e  f u l l y  descr ibed .  
Therefore ,  cau t ion  must be  observed 
For t h e  case of non-flowing systems, a ga in  of 40% per  meter w a s  ob- 
se rved  f o r  d.c. e x c i t e d  a m p l i f i e r s .  This  v a l u e  i s  s i g n i f i c a n t l y  h igher  than  
i n  our  case us ing  ILL', excj-cation. Unfor tuna te ly ,  t h e  tube  w e  t e s t e d  could 
no t  b e  opera ted  d.c. and no comparative d a t a  could be  taken. Moreover, t h e  
h ighes t  g a i n  f i g u r e  (40%)  observed i n  the  d.c. tubes occurred wi th  only C02 
and H e  mix tures  (no N 2 ) .  
d i scharge  tubes observed wi th  t h i s  gas  mixture ,  i t  appears  most d e s i r a b l e  t o  
ope ra t e  t h e  a m p l i f i e r s  i n  t h e  20-watt laser system we are cons t ruc t ing  wi th  
d.c. e x c i t a t i o n .  
With t h e  g r e a t e r  l i f e t i m e  c h a r a c t e r i s t i c s  i n  t h e  
Therefore ,  t h e  a m p l i f i e r  tubes f o r  t h e  laser system w i l l .  be  redesigned t o  
It is  expected t h a t  each a m p l i f i e r  tube  w i l l  r e q u i r e  ope ra t e  w i t h  d.c. power. 
approximately 20 kv a t  15 m a  t o  o p e r a t e  a t  t h e  optimum gain .  
w i th  t h e  above c a p a b i l i t y  have been ordered and w i l l  be  rece ived  during t h e  
next  q u a r t e r .  
Two power s u p p l i e s  
2.5 Thermal S tud ie s  of t he  C 0 2  Laser Cavi ty  
During t h e  p a s t  q u a r t e r ,  thermal  s t a b i l i t y  measurements were made on 
the  aluminum-invar laser cavi t ies  which were completed i n  the  f i r s t  q u a r t e r .  
These tests were performed wi th  a n  active C02 laser mounted i n  the  cav i ty  
and wi th  t h e  thermal s t a b i l i z a t i o n  network descr ibed  i n  s e c t i o n  2.6 opera t ing .  
While t h e  laser was ope ra t ing  t h e  c a v i t y  allowed t o  come t o  e q u i l i -  
brium a t  room temperature ,  t h e  long-term s t a b i l i t y  of t h e  output  w a s  measured 
by pass ing  t h e  beam through a monochrometer onto a thermal  d e t e c t o r .  
P 
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* ' I n  gene ra l ,  t h e  output  of t h e  laser could only be  kep t  on a p a r t i c u l a r  
wavelength f o r  a per iod  of a few minutes be fo re  t h e  laser output  would 
d r i f t  t o  a new wavelength. The apparent  l a c k  of good long-term s t a b i l i t y  
d id  n o t  seem c o n s i s t e n t  ~ 7 i t h  expected r e s u l t s  based on t h e  c a v i t y  des ign .  
The c a v i t y  was then heated by t h e  thermal c o n t r o l  system and t h e  temper- 
Simultaneously,  a t u r e  rise of t h e  c a v i t y  w a s  observed as a func t ion  of t i m e .  
a c a l i b r a t e d  p i e z o e l e c t r i c  s t a c k ,  onto which one of t h e  laser mi r ro r s  w a s  
a t t ached ,  and a v o l t a g e  v a r i a b l e  d.c. v o l t a g e  source ,  were used t o  main ta in  
t h e  same output  wavelength from the  laser ,  The a b s o l u t e  expansion ra te  was 
then obta ined  f o r  t h e  laser cav i ty .  
It w a s  discovered t h a t  t h e  e f f e c t i v e  c o e f f i c i e n t  of expansion was about 
10 t i m e s  t h a t  of t h e  i n v a r  rods  t o  which t h e  mi r ro r s  are a t t ached .  Severa l  
p o s s i b l e  explana t ions  were exarriined t o  de te rmine  the  cause of t h e  unexpected 
l a r g e  thermal  expansion c o e f f i c i e n t  of t h e  cav i ty .  The most reasonable  
explana t ion  came out  of an a n a l y s i s ,  reproduced below, of t h e  bonding technique 
used t o  hold t h e  i n v a r  i n  the  aluminum s t r u c t u r a l  frame (see F i r s t  Quar te r ly  
Report) 
A "semi-rigid" aluminum based epoxy was used t o  hold the  i n v a r  i n  t h e  
aluminum channel  s t r u c t u r e  so  t h a t  good thermal  con tac t  could be made between 
the  aluminum and t h e  invar .  
epoxy w a s  g r e a t  enough t o  somewhat p u l l  t h e  i n v a r  a long wi th  t h e  aluminum 
channel as i t  expanded and con t r ac t ed  wi th  thermal  changes. 
seen  from t h e  fo l lowing  a n a l y s i s .  
Apparently,  t h e  shear  s t r e n g t h  of t h e  aluminum 
This  e f f e c t  can be 
Refer ing  t o  F igure  6a, assume t h a t  t h e  aluminum and t h e  i n v a r  have both 
thermal and e las t ic  deformations,  b u t  t h e  epcxy has  only e las t ic  deformation. 
This assumption g r e a t l y  s i m p l i f i e s  t h e  c a l c u l a t i o n s  and, as can be seen  a t  t h e  
end of t h e  a n a l y s i s ,  t h i s  assumption i s  q u i t e  good. 

P 
From geometry, t h e  d i f f e r e n t i a l  thermal  (T) expansion between t h e  
invar  and t h e  aluminum must equal  t h e  sum of t h e  elastic 
i n  the  three materials. 
(E) deformations 
The t o t a l  expansion of t h e  i n v a r  i s  the  q u a n t i t y  of i n t e r e s t .  It  i s  
given by 
and t o  o b t a i n  (ALIn) 
mations, For t h e  case when L LIn 
w e  need t o  determine each of t h e  i n d i v i d u a l  defor-  
L 5 LAl 
EP 
01 L A T  (ALIn) = I n  T 
cx L A T  A 1  and (ALA1> = T 
(3)  
( 4 )  
where ot is t h e  c o e f f i c i e n t  of thermal expansion a t  AT i s  t h e  temperature  
rise of t h e  material. 
Consider ing t h e  e las t ic  deformation of t h e  i n v a r ,  t h e  d i f f e r e n t i a l  
expansion between t h e  aluminum and t h e  invar w i l l  produce a shear  stress i n  
t h e  epoxy which w i l l  i n c r e a s e  l i n e a r i t y  from t h e  c e n t e r  of t h e  s t r u c t u r e  t o  
t h e  ends, 
shear  f o r c e ,  s , with  dimensions of I b / i n .  The for'ce w i l l ,  of course ,  be 
This  stress can be expressed as a one dimensional d i s t r i b u t e d  
assumed t o  act  uniformly over t h e  circumference of t h e  inva r  a t  each p o s i t i o n  
as depic ted  i n  F igu re  6b. 
7 7  
. -  Refer ing  t o  t h e  f r e e  body diagram i n  F i g u r e ~ 6 b ,  t h e  f o r c e  a c t i n g  on 
t h e  inva r  a t  p o s i t i o n  x can be w r i t t e n  as 
s x  s - 0 -  L 1 1 2 m 2  I 2 x  Px - - 
2 smx 
L 
and the  e las t ic  deformation A (dx) due t o  t h i s  f o r c e  on a n  incrementa l  
l ength  (dx) a t  x i s  g iven  by 
Px dx 
AIn  EIn  ' 
A(dx) = 
is  t h e  c ros s - sec t iona l  area of t h e  inva r  and E i s  t h e  modulus I n  where AID 
of e l a s t i c i t y  of inva r .  
The t o t a l  deformation f o r  one ha l f  t h e  l eng th  of i nva r  w i l l  be  t he  i n t e -  
g r a l  of t h e  incrementa l  va lues ,  and t h e  t o t a l  deformation w i l l  be  t w i c e  t he  
i n t e g r a l .  
Similarly f o r  t h e  aluminum 
23 
. -  How t o  f i n d  t h e  e l a s t i c  deformation of t h e  epoxy, cons ide r  an  e lementa l  
r i n g  of epoxy a t  p o s i t i o n  x with  l eng th  dx. A c r o s s  s e c t i o n  of t h i s  r i n g  
i s  shown below. Again t h e  shea r  f o r c e  i s  considered t o  be uniformly d i s t r i -  
buted from t h e  c e n t e r  t o  each end of t h e  epoxy j o i n t  and t o  act  uniformly over  
t h e  r i n g  of epoxy. 
I dx 
The deformation a c r o s s  t h e  epoxy due t o  t h e  shear  s t r a i n  a t  p o s i t i o n  x 
i s  then 
2s 2: t ni EL 
EP 
dS 
tEp x -   
C G dx L C G  A.(dx) = 
EP 
where C is  t h e  circumference of t h e  epoxy r i n g  and G i s  t h e  shea r  modu- 
l u s  of e l a s t i c i t y  of t h e  epoxy. 
EP 
Note t h a t  t h e  deformation of t h e  epoxy inc reases  l i n e a r l y  from the  c e n t e r  
t o  the end and t h a t  t h e  t o t a l  e l a s t i c  deformation f o r  t h e  epoxy w i l l  be  t w i c e  
t h a t  a t  one end. 
S ince  t h e  area of t h e  epoxy % , can b e  w r i t t e n  A = LC we can 
P EP 
write. f o r  t h e  maximum deformation which occurs  a t  x = L f o r  t h e  e n t i r e  
rod 
24 
Me now-have a l l  t h e  r e l a t i o n s h i p s  necessary  t o  s o l v e  f o r  
(3 ) ,  ( 4 ) ,  (5), (6) and (7)  i n t o  equat ion  (1) and s o l v i n g  f o r  s L w e  g e t  
ALIn. S u b s t i t u t i n g  
m 
B 
(aAl - ~1 ) L A T - I n  
-4- 
( 8 )  L L 2 t  smL - 
+ -Ep 
EP GEP 
A %n 5 n  AA1 EAl 
combining equat ion  (8) wi th  ( 3 ) ,  (5) and (2) and a r r ang ing  t h e  terms, w e  g e t ,  
f i n a l l y  
whl .ch i s  t h e  e f f e c t i v e  c o e f f i c i e n t  of expansion of t h e  i n v a r  as i t  is 
(9  1 
pu l l ed  
by t h e  aluminum through t h e  s t r e n g t h  of t h e  epoxy j o i n t .  
From a v i b r a t i o n  viewpoint,  i t  i s  most d e s i r a b l e  t o  have t h e  inva r  very  
t i g h t l y  coupled t o  t h e  aluminum s t r u c t u r e .  The r i g i d i t y  and mass of t h e  alum- 
inum would tend t o  keep t h e  resonant  frequency of t h e  o v e r a l l  mir ror  s t r u c t u r e  
high. However, as seen  from equat ion  (C), when G i s  very  l a r g e ,  t h e  
e f f e c t i v e  c o e f f i c i e n t  of expansion of t h e  c a v i t y  approaches t h a t  of aluminum, 
which i n  t h i s  case would no t  be  t o l e r a b l e .  
EP 
As an estimate of t h e  magnitude of t h i s  e f f e c t ,  t h e  fol lowing va lues  
-6 o = 1 x 1 0  / c  I n  a 
6 = 27 x 10 p s i  
2 A,- = 0.614 i n  
25 
6 
EAl = 10.5 x 10 p s i  
2 
AA1 = 4.45 i n  
2 = 77 i n  % 
= 0.030 in 
EP 
t 
and f o r  a "hard" epoxy 
6 G = 0.25 x 10 psi 
EP 
eva lua t ing  equa t ion  (9)  w i t h  t h e s e  va lues  g ives  
-6 o - 1 = 1 7 x 1 0  / C  
AT I n  
which i s ,  of course ,  t oo  l a r g e  f o r  our purposes. 
corresponds t o  a thermal s t a b i l i t y  of 500 MHz/ C f o r  a 1 meter laser c a v i t y  
ope ra t ing  a t  10  microns. 
c o e f f i c i e n t  of expansion of about 2 - 4 x 10 
(9), t o  o b t a i n  t h i s  v a l u e ,  t h e  i n v a r  rods  must be  i n s t a l l e d  and h e l d  by an  
adhesive which e x h i b i t s  a shear  modulus, G , of less than  about 200 p s i .  
This  expansion c o e f f i c i e n t  
0 
To o b t a i n  t h e  d e s i r e d  s t a b i l i t y  w e  need an  e f f e c t i v e  
/ C o r  less, and from equat ion  -6 o 
This v a l u e  of shea r  modulus f a l l s  almost i n t o  the "rubbery" range and 
very  few materials, which may b e  u s e f u l  f o r  our purposes, have publ i shed  
va lues  of G, 
involved two metal c y l i n d e r s ,  one i n s i d e  t h e  o t h e r ,  w i th  a 0.030 inch  annular  
gap between them. 
To f i n d  a s u i t a b l e  materials w e  made a test j i g  which simply 
An adhes ive  t o  be  t e s t e d  was used t o  g l u e  t h e  two p ieces  
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L 
. together  and a f t e r  t h e  adhes ive  had set ,  t h e  u n i t  w a s  t e s t e d  on a tensiometer .  
The fo l lowing  r e s u l t s  were obtained.  
0 
Mat e r i  a1 
Wysol 0266 Epoxy 
G.E. - RTV 30 
G.E. - RTV 11 
Semi-rigid ESaC Aluminum 
EPOXY 
G ( p s i )  
180 
120 
24 
4 > 3 x 1 0  
The Emerson  and Cummings aluminum epoxy was used i n  t h e  o r i g i n a l  f a b r i c a t i o n .  
I ts  h igh  shea r  modulus apparent ly  accounts  f o r  t h e  observed l a r g e  thermal ex- 
pansion c o e f f i c i e n t .  
A s  soon as w e  complete tak ing  d a t a  on t h e  short- term s t a b i l i t y  of t h e  
present  cavi t ies ,  they  w i l l  be  dismantled and t h e  aluminum epoxy d isso lved  
with a s u i t a b l e  epoxy so lven t .  The u n i t s  will then  be  reassembled u t i l i z i n g  
e i t h e r  t h e  Hysol  epoxy o r  t h e  RTV 30 ma te r i a l .  
2.6 Thermal Cont ro l  System 
I n  t h e  l as t  r e p o r t  a laser c a v i t y  temperature  c o n t r o l  c i r c u i t  w a s  p resented  
which would be  capable  of monitor ing t h e  temperature  of t h e  laser c a v i t y  and 
maintain i t s  temperature  a t  an  a d j u s t a b l e  s e t  p o i n t  near  40-50 C t o  w i t h i n  
- + 0.1OC. The c i r c u i t  simply involved a b r idge  network which u t i l i z e d  a sens i -  
t i v e  the rmis to r  ( thermal  s e n s i t i v e  r e s i s t o r )  i n  one l e g .  The b r idge  network 
0 
served as a p r o p o r t i o n a l  c o n t r o l l e r  which r egu la t ed  t h e  c u r r e n t  f lowing through 
a hea te r  wire a t t a c h e d  over a l a r g e  s u r f a c e  area of t h e  laser cav i ty .  
F a b r i c a t i o n  of two u n i t s  were completed t h i s  q u a r t e r .  F igure  7 is  a photo- 
graph of one  of t h e  u n i t s .  The c o n t r o l  e l e c t r o n i c s  are mounted under t h e  c h a s s i s  
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r 
5 whi le  two d.c. power s u p p l i e s  are mounted on top. The l a r g e r  power supply 
provides  80 w a t t s  of d.c. power t o  t h e  c a v i t y  h e a t e r .  
provides  b i a s  v o l t a g e s  t o  t h e  i n t e g r a t e d  a m p l i f i e r s  used i n  t h e  c o n t r o l  loop. 
The smaller supply 
The the rmis to r  used i n  t h e  c o n t r o l  loop has  the  c h a r a c t e r i s t i c s  shown i n  
Th i s  p a r t i c u l a r  u n i t  was chosen because of i t s  h igh  dR/dT near  t h e  
The the rmis to r  is mounted on a minia- 
F igure  Et.  
des i r ed  ope ra t ing  temperature  of 50 C .  
t u r e  connector  a t t a c h e d  d i r e c t l y  t o  t h e  metal laser cav i ty .  
0 
The temperature  c o n t r o l l e r  i s  w e l l  fused and has  a l l  t h e  necessary easy- 
to-reach components f o r  a c c u r a t e  adjustment  of t h e  c a v i t y  temperature.  The 
u n i t  a l s o  has  an  a u x i l i a r y  b i a s  v o l t a g e  output  j a c k  d e l i v e r i n g  - 4- 1 6  VDC and 
f 40 VDC w i t h  s u f f i c i e n t  power t o  d r i v e  t h e  AFC e l e c t r o n i c s  which w i l l  be  used 
while  t e s t i n g  the  s t a b i l i t y  of t h e  lasers i n  a heterodyne mode of opera t ion .  
The u n i t s  have been t e s t e d  on t h e  laser c a v i t i e s  and have been found t o  
opera te  s a t i s f a c t o r y .  
2,7 Automatic Frequency Control  E lec t ron ic s  -
I n  o r d e r  t o  measure t h e  frequency s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  20-watt 
laser, heterodyne techniques must be used. 
s t r u c t e d  s o  t h a t  t h e i r  laser ou tpu t s  can be  heterodyned toge ther .  
f o r  measuring t h e  frequency s t a b i l i t y  o f . t h e  lasers i s  shown i n  block diagram 
form i n  F igu re  9. 
P a r t  of t h e  heterodyne s i g n a l  is used t o  t r a c k  out  low-frequency d r i f t s  and 
v a r i a t i o n s  which w i l l  no t  be no t i ced  dur ing  t h e  ope ra t ion  of t he  20-watt laser 
i n  i t s  f i n a l  p o s i t i o n .  Since dur ing  a c t u a l  ope ra t ion  t h e  round t r i p  per iod  of 
t h e  20-watt laser beam is expected t o  be no g r e a t e r  than  10 mi l l i s econds ,  t h e  
AFC loop can s a f e l y  t r a c k  o u t  frequency v a r i a t i o n s  between the  tests lasers which 
occur a t  rates less than  about 100 Kz. S ince  t h e  AFC loop w i l l  tend t o  compensate 
f o r  t h e  s l o w  frequency d r i f t s  i n  the  output  of both l a s e r s ,  t h e  short-term s t a b i l -  
i t y  can be  a c c u r a t e l y  determined wi th  t h e  use of a s u i t a b l e  spectrum analyzer  o r  
yave ana lyze r  . 
Two laser c a v i t i e s  are being con- 
The technique 
The low-power laser i s  heterodyned wi th  t h e  high-power l a s e r .  
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TEMPERATURE (*C) 
Figure 8 Thermal Characteristic of the Thermistor 
Used i n  the Laser Temperature Control 
E lec t r onic  s 
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. .  The d e t a i l s  of t h e  des ign  of t h e  AFC loop were determined dur ing  t h e  
l a s t  q u a r t e r  and f a b r i c a t i o n  of t h e  u n i t  w a s  completed t h i s  q u a r t e r .  
The d i f f e r e n c e  frequency (chosen t o  b e  1 MHz) i s  generated i n  t h e  
d e t e c t o r  and passed through the  low level bandpass v ideo  ampl i f i e r .  
bandpass a m p l i f i e r  has  a maximum ga in  of 2000 = 66 db and a g a i n  a d j u s t  
The 
t o  compensate f o r  d i f f e r e n t  laser ope ra t ing  powers. 
a m p l i f i e r  i s  then  f e d  t o  a d i s c r i m i n a t e  wi th  a - + 1 KHz bandwidth around 
I MHz w i t h  a maximum output  vo l t age  of 0.25 v o l t s  d.c. 
The ou tpu t  of t h e  
The c i r c u i t  diagram 
f o r  t h e s e  u n i t s  i s  shown i n  F igure  10. 
The i n p u t  c i r c u i t  i s  a.c. coupled, and t h e  tun ing  c i r c u i t  provides  
p a r a l l e l  resonance a t  1 MHz. The inpu t  c i r c u i t  has  a bandwidth of 200 KHz,  
g iv ing  a compromise between phase s h i f t  in t roduced  around 1 MHz and elimina- 
t i o n  of broadband no i se .  
undesired n o i s e ,  b u t  would in t roduce  more phase s h i f t  i n  t h e  AFC loop. 
A narrow bandwidth would more e f f e c t i v e l y  e l i m i n a t e  
The f i r s t  s t a g e  of ampl i f i ca t ion  c o n s i s t s  of a low n o i s e  FET cascode 
conf igura t ion .  This  conf igu ra t ion  w a s  chosen f o r  i t s  r e l a t i v e l y  h igh  inpu t  
impedance, i ts  low n o i s e  c h a r a c t e r i s t i c s ,  and i t s  reduc t ion  of t h e  Miller 
feedback e f f e c t  i n  t h e  cascode arrangement. This  s t a g e  provides  approximately 
13 db of g a i n  wi th  a 180 degree phase reversal. 
The second s t a g e  of ampl i f i ca t ion  i s  provided by a common e m i t t e r  config- 
u r a t i o n  w i t h  t h e  emitter capac i to r  being used t o  provide  l ead  compensation 
a t  t h e  s t a g e  output .  
180' phase reversal. . 
This  s t a g e  a l s o  provides  approximately 13 db of ga in  wi th  
The t h i r d  s t a g e  i s  an  emitter fo l lower  wi th  a ga in  c o n t r o l  adjustment.  
This  s t a g e  i s  requ i r ed  i n  o rde r  t o  reduce t h e  sou rce  impedance as seen  by the  
fol lowing Amelco v ideo  a m p l i f i e r  s i n c e  t h e  i n p u t  impedance of t h e  901CE i s  
about 500 ohms. 
C17  provides  some requ i r ed  l a g  compensation. 
This  f o u r t h  s t a g e  provides  about 20 db of a m p l i f i c a t i o n  and 
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g a i n  of 66 db maximum, 
The l a s t  s t a g e  provides  another  20 db of a m p l i f i c a t i o n  f o r  a t o t a l  v ideo  
It w i l l  b e  noted t h a t  no phase reversal e x i s t s  from 
inpu t  t o  ou tpu t  f o r  t h e  i n d i v i d u a l  Amelco s t a g e s  s i n c e  each s t a g e  c o n s i s t s  of 
two d i r e c t  coupled i n v e r t i n g  a m p l i f i e r s .  
I n  p r a c t i c e ,  t h e  only adjustment  r equ i r ed  f o r  t h e  v ideo  a m p l i f i e r  i s  t o  
modify t h e  g a i n  c o n t r o l  8uch t h a t  t h e  output  of t h e  l a s t  s t a g e  (v ideo  ou t )  is  
1V RMS, t h e  r equ i r ed  r a t i n g  f o r  t h e  frequency d i s c r i m i n a t o r ,  
tuning adjustments  have been previous ly  set .  
All phase and 
F igure  11 shows the  d.c. c o n t r o l  s e c t i o n  of t h e  AFC loop wi th  the  compo- 
nents  from Figure  10 shown as subassembly A l .  
The d i sc r imina to r  ou tput  is  f e d  i n t o  a combined i n t e g r a t o r  and high pass  
a m p l i f i e r  making t h e  loop a type  I system (zero  d.c. e r r o r ) .  The h igh  pass  
a m p l i f i e r  i s  used t o  compensate f o r  t h e  low pass  c h a r a c t e r i s t f c s  of t h e  h igh  
vo l t age  programable supply wi th  t h e  p i e z o e l e c t r i c  stack. This  i s  necessary 
i n  o rde r  t o  i n c r e a s e  t h e  c losed  loop bandwidth t o  100 Hz. 
S ince  t h e  output  impedance of t h e  d i sc r imina to r  i s  q u i t e  h igh  (100 K n ) ,  
a v o l t a g e  fo l lower  c i r c u i t  i s  introduced t o  b r i n g  t h e  output  impedance down 
t o  an accep tab le  level. Capaci tor  C24 provides  low pass  f i l t e r i n g  i n  order  
t o  e l i m i n a t e  1 MHz frequency components t h a t  do exist  a t  t h e  open c i r c u i t  
output  of t h e  d i sc r imina to r .  
The h igh  v o l t a g e  supply a v a i l a b l e  through 54 is  programed s o  as t o  
provide a ze ro  t o  800 v o l t  ou tput  excurs ion  ac ross  t h e  p i e z o e l e c t r i c  s t ack .  
This provides  a s a f e  opera t ing  level f o r  t h e  t ransducer .  A nominal DC b i a s  
of 400 v o l t s  i s  t o  be placed ac ross  t h e  t ransducer  v ia  t h e  Coarse and Fine Bias 
Adjust p o t s  shown i n  F igure  1 2  (TP1 being a t  5 v o l t s ) .  
perform a second f u n c t i o n  by providing t h e  a b i l i t y  t o  change t h e  t ransducer  
l eng th  manually when S2 is  i n  t h e  14anual p o s i t i o n .  
These b i a s  a d j u s t  p o t s  
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t The t w o  s t a g e s  of a m p l i f i c a t i o n  fo l lowing  t h e  d i sc r imina to r  raise t h e  
vo l t age  t o  t h e  r equ i r ed  1OV f o r  ope ra t ion  of t he  programable B.V. power supply 
(KEPCO 1000 ABCM, not shown). 
F igu re  12  i s  a photograph of t h e  completed u n i t .  Electrical. tests have 
been completed on t h e  u n i t ,  however, i t  has  n o t  y e t  been t e s t e d  i n  the  laser 
system. 
The d e t e c t o r  assembly which w i l l  be  used wi th  t h e  AFC loop has  a l s o  been 
completed. 
ment ( b a t t e r y  opera ted)  is  enclosed i n  a metal box f o r  R.F.I. s h i e l d i n g  purposes.  
We have used t h e  d e t e c t o r  t o  view t r a n s v e r s e  mode b e a t s  from a C 0 2  laser up 
t o  f r equenc ie s  i n  t h e  40-50 HHz range. 
be used dur ing  t h e  next  q u a r t e r  t o  s tudy  t h e  short- term s t a b i l i t y  c h a r a c t e r i s -  
t i c s  of t h e  laser o s c i l l a t o r s .  
A gold-doped germanium d e t e c t o r  w i th  a l l  t h e  necessary  b i a s  equip- 
It i s  expected t h a t  t he  AFC loop w i l l  
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3.-0 SUk4ARY AND CONCLUSIONS 
During t h i s  p a s t  q u a r t e r ,  w e  have completed t h e  des ign  and f a b r i c a t e d  
the  major enc losu re  p a r t s  of t h e  20-watt C02 laser which c o n s i s t s  of an  os- 
c i l l a t o r  ope ra t ing  a t  about  5 watts s i n g l e  mode and a 6 db C02 a m p l i f i e r  
system. 
cal  i s o l a t o r  meant t o  reduce frequency i n s t a b i l i t i e s  due t o  v i b r a t i c n a l  
e f f e c t s  and as a thermal iz ing  s h i e l d  t o  he lp  main ta in  a cons t an t  temperature  
and dry  atmosphere wi th  t h e  laser. 
have i n d i c a t e d  t h a t  f o r  maximum power output  (multimode) a n  optimum C02-He 
mixture c o n s i s t s  of a l a r g e  p a r t i a l  p re s su re  of 60 Rat ios  of 3 t o r r  C 0 2  
t o  over 20 t o r r  H e  appeared t o  be near  optimum, however, h ighe r  p re s su res  
of both components may indeed provide h ighe r  output  powerr provid ing  t h e  
power supply  i s  a v a i l a b l e  t o  ope ra t e  t h e  tube.  
The mechanical enc losu re  f o r  t h e  system a l s o  serves as an  acous t i -  
Paramet r ic  s t u d i e s  on R.F. d r i v e n  tubes 
2'  
Measurerrents on t h e  s i n g l e  pass  g a i n  of a n  R.P. e x c i t e d  C 0 2  a m p l i f i e r  
tube y i e l d e d  g a i n  f i g u r e s  of about  28% pe r  meter, a somewhat lower f i g u r e  than  
t h a t  r epor t ed  f o r  d.c.  opera ted  tubes.  
f o r  a m p l i f i e r  i n p u t  power d e n s i t i e s  of up t o  3.5 watts/cm 
higher  powers a s s o c i a t e d  wi th  the  f i n a l  s t a g e s  of g a i n  i n  t h e  a m p l i f i e r s ,  some 
s a t u r a t i o n  e f f e c t s  may be  incu r red  i f  t h e  beam s i z e  is  not  kept  l a r g e r  than 
about 1/2 c m  i n  diameter .  
No s a t u r a t i o n  e f f e c t s  w e r e  observed 
2 However, a t  t h e  
T e s t s  made on laser output  power as a func t ion  of bore  diameter  f o r  t h e  
case where t h e  lasers were forced  t o  o p e r a t e  i n  a s i n g l e  mode o r  nea r  s i n g l e  
mode i n d i c a t e d  t h a t  smal l  bore  tubes  provide a much g r e a t e r  ou tput  than  l a r g e  
bore tubes.  An emper ica l  r e l a t i o n  i n d i c a t i n g  t h a t  P w a s  observed 
f o r  t h e  tubes  t e s t e d .  
cI d-1.5 
o u t  
L i f e t i m e  tests on several, both d.c. and R.F. e x c i t e d ,  have i n d i c a t e d  
t h a t  l ifetimes g r e a t e r  than  250 hours  should be p o s s i b l e  w i t h  d.c. exc i t ed  tubes  
using gas  mixtures  conta in ing  only C 0 2  and N e .  The r e s u l t s  of a l l  of t h e  above 
tests and from publ i shed  information on t h e  ga in  c h a r a c t e r i s t i c s  of d.c. d r iven  
ampl i f i e r  tubes  u t i l i z i n g  C02-He mixtures  has  l e d  us  t o  conclude t h a t  an advan- 
tage can  b e  r e a l i z e d  i n  the  o v e r a l l  laser system i f  d.c. e x c i t a t i o n  of t he  d i s -  
charge tubes  is  used throughout. This  i s  a major change i n  t h e  o r i g i n a l  d i r e c t i o n  
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0; t h e  i rogram where R.F. e x c i t a t i o n  w a s  t o  be  used i n  o r d e r  t o  achieve  
long o p e r a t i n g  l i f e t i m e s .  
Thermal s t u d i e s  of t h e  laser cavities have i n d i c a t e d  t h a t  t h e  expan- 
s i o n  rate of t h e  i n v a r  rods  used i n  t h e  des ign  w a s  be ing  inf luenced  by t h e  
rest of t h e  s t r u c t u r e  t o  a g r e a t e r  degree than  a n t i c i p a t e d .  
a n a l y s i s  of t h e  system has  i n d i c a t e d  t h a t  a d i f f e r e n t  bonding technique 
A thermal  
must b e  used t o  hold  t h e  i n v a r  w i t h i n  t h e  aluminum suppor t  channel.  
e x i s t i n g  c a v i t y  s t r u c t u r e s  w l i l - b e  r e p a i r e d  by d i s so lv ing  t h e  e x i s t i n g  ad- 
hes ive  and s u b s t i t u t i n g  i t  w i t h  an  a p p r o p r i a t e  adhes ive  w i t h  a much lower 
shear  modulus of e l a s t i c i t y .  
The 
The temperature  c o n t r o l  u n i t s  and t h e  automatic  frequency c o n t r o l  elec- 
The AFC loop w i l l  be  used i n  t h e  sho r t -  t r o n i c s  were completed t h i s  per iod.  
term frequency s t a b i l i t y  tests dur ing  t h e  next  per iod .  
locked t o  a d i f f e r e n c e  frequency of 1 NHz and kep t  a t  t h a t  frequency by t h e  
AFC loop. 
Two lasers w i l l  be  
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(6) cont inue  l i f e  tests on CO o s c i l l a t o r s  2 
